Introduction {#sec1-1}
============

Epilepsy is an important public health problem worldwide. Approximately 45 million people worldwide are diagnosed with epilepsy. In the United States, the prevalence of epilepsy is 6-8 cases/1000 people with the incidence of 26-40 cases/100,000 people annually. The common age ranges are children and adults age over 60 years.^[@ref1]^ Antiepileptic drugs (AEDs) are the cornerstone treatment to control seizures resulting in occurrence of drug-related problems. In Thailand, 39.13% of persons with epilepsy (PWE) had drug interaction between phenytoin and other medications, while 28.99% of PWE had adverse drug reactions from AEDs. In addition, 10.14% of PWE did not receive AEDs.^[@ref2]^ The adverse events of AEDs may occur due to narrow therapeutic range such as phenytoin, carbamazepine, or valproic acid. Some AEDs also are metabolized via enzymatic system such as enzyme inducer (phenytoin, phenobarbital, and carbamazepine) or enzyme inhibitor (sodium valproic acid). Due to the AEDs properties, physicians need to be more aware on drug interaction, side effects, therapeutic level, and importantly seizure control.^[@ref3]^

Pharmacists may play important role to drug related issues for PWE.^[@ref4]^ Srinagarind Hospital is a university hospital, Khon Kaen University and located in the central of Northeastern, Thailand. The hospital is a tertiary care hospital and received referral uncontrolled cases of epilepsy. Pharmacists became involved in the Epilepsy Clinic, Srinagarind Hospital in 2005 resulting in lower cases of drug-related issues. In July 2009, the therapeutic drug monitoring system was established. The aim of this system is to provide multi-disciplinary treatment for PWE in regard of AEDs level monitoring, pharmacokinetic of AEDs, and drug interaction monitoring. Here, we reported the function of the therapeutic drug monitoring by pharmacists at epilepsy clinic as a part of multi-disciplinary approach.

Materials and Methods {#sec1-2}
=====================

This study was conducted prospectively from January 1 to December 31, 2010 at Epilepsy Clinic, Khon Kaen University, Thailand. We studied all consecutive PWEs who participated the therapeutic drug monitoring. Data were collected in terms of the reasons for the therapeutic drug monitoring, interpretation of therapeutic drug level, pharmacists' recommendations, and physician practice.

The therapeutic drug monitoring system functioned as follows. When PWEs were uncontrolled or had drug-related events and required drug level monitoring, the patients were participated in the therapeutic drug monitoring system. The system comprised of attending physicians, pharmacists, and nurses. The team discussed on drug-related issues and seizure control. Pharmacists played roles in drug level interpretation and made clinical suggestion. Physician made final treatment after the group discussion.

Data were analyzed by descriptive statistics in terms of reasons for therapeutic monitoring, association between the reason of TDM order and measured drug level, therapeutic drug monitoring interpretation, pharmacists' recommendations, and physician practice. The correlation between pharmacist recommendations and physician practices were classified into three categories; physicians completely follow the pharmacist recommendations, physicians partially follow the pharmacist recommendations, and physicians did not follow the pharmacist recommendations. The study protocol was approved by the ethics committee in human research, Khon Kaen University (HE460830).

Results {#sec1-3}
=======

There were 112 PWEs participated the therapeutic drug monitoring system. The mean age of all patients was 38.21 years (SD 15.36) and 51 patients (45.54%) were male. The drug level monitoring was performed 254 times. Most patients (83 patients, 74.10%) had one or two times of drug level monitoring (range 1-12 times) as shown in [Table 1](#table001){ref-type="table"}. Therapeutic drug monitoring was commonly performed in PWEs with phenytoin and due to sub-therapeutic reason in 46.46% and 44.49% ([Tables 2](#table002){ref-type="table"} and [3](#table003){ref-type="table"}).

None of PWEs who performed therapeutic drug monitoring due to compliance check had drug level in therapeutic level, while only 53 patients (46.90%) in sub-therapeutic suspicious group had therapeutic level of AEDs. Fourteen patients (40.00%) who were suspected to have toxicity had AEDs in toxic level. Only 60 patients (58.25%) of patients who performed drug level as a routine manner had therapeutic level of AEDs ([Table 4](#table004){ref-type="table"}). Of the 254 AEDs monitoring, 245 samples (96.46%) were interpreted and suggested recommendation by pharmacists. There were 329 recommendations for the 245 samples (each individual result may have more than one recommendation). The most common recommendation was follow-up drug level in 186 samples (75.92%) due to dosage adjustment, inconsistent monitoring values with clinical, non-therapeutic drug levels, and uncontrolled seizures ([Table 5](#table005){ref-type="table"}). The other 9 samples were not interpreted due to AEDs changing (1), wrong AEDs (1), and unknown reason (7). Physicians completely followed the pharmacists' recommendation in most monitoring (198 times, 80.82%) as shown in [Table 6](#table006){ref-type="table"}.

Discussion and Conclusions {#sec1-4}
==========================

Seizure control with no side effect from AEDs is the main goal for epilepsy treatment. Therapeutic drug monitoring with multi-disciplinary approach is a strategy that may improve epilepsy treatment. Holistic patient discussion in various aspects particularly drug interactions and side effects may lessen AEDs side effect.

Phenytoin is the most common AEDs in Thailand due to its low cost and good efficacy. It may however have drug interaction and side effects such as hepatitis. PWEs who participated the therapeutic drug monitoring were mostly taking phenytoin (46.46%) and sodium valproate (29.53%). These may imply that phenytoin may have issue with seizure control or AEDs related side effects. A previous study from Thailand also showed that 55.8% of PWEs that required drug monitoring were taking phenytoin.^[@ref5]^ In the present study, only half of patients (50.79%) had AEDs level in the therapeutic range ([Table 4](#table004){ref-type="table"}). This information is compatible with other studies. Affolter *et al.* and Nakariyakul found that 49.3% and 55.0% of PWEs had AEDs level in the therapeutic range.^[@ref6],[@ref7]^ The association of AEDs levels and clinical presentation of uncontrolled PWEs or PWEs with drug issues were shown in [Table 4](#table004){ref-type="table"}. The correlations of AEDs levels with clinical problems are approximately 40%. Sub-therapeutic AEDs levels were shown in 38.94% of PWEs with clinical issue of sub-therapeutic suspicion, while 40% of clinical suspicious of toxicity had AEDs levels at toxic level. Clinicians therefore should not be confident with the clinical presentation. We would recommend to have AEDs level monitoring in PWEs with uncontrolled seizures because using clinical features may correct in only 40% of patients. These rules may apply only if poor compliance is suspected because all three patients who had poor compliance showed low level of AEDs. When work as a multi-disciplinary team, almost 100% of AEDs levels were interpreted by pharmacists **(**96.46%) with recommendations. Physicians decided treatment for individual PWEs based on the recommendations and discussion with the team. Due to multidisciplinary approach, team members discussed the results, recommendations, and clinical of the patient. The decision was made based on the clinical status of the patients. There were 80.82% of team decision followed the pharmacists' recommendations which was somewhat lower than the previous report by Nakariyakul (2009).^[@ref6]^ This multi-disciplinary team may be suitable for the tertiary care hospital where PWEs are always difficult and complicated.

In conclusion, therapeutic drug monitoring at the Epilepsy Clinic by a multi-disciplinary approach is an important strategy to identify causes of uncontrolled epilepsy control more correctly.
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###### 

Numbers of time of antiepileptic drugs (AEDs) level monitoring.

  Time of AEDs level monitoring   Patients (%)
  ------------------------------- --------------
  Once                            43 (38.39)
  Twice                           40 (35.71)
  3 times                         10 (8.93)
  4 times                         11 (9.82)
  5 times                         1 (0.89)
  6 times                         4 (3.57)
  8 times                         2 (1.79)
  12 times                        1 (0.89)

###### 

Submission of blood samples for therapeutic drug monitoring classified by antiepileptic drug (n=254).

  Antiepileptic drugs   Samples (%)
  --------------------- -------------
  Carbamazepine         29 (11.42)
  Phenobarbital         32 (12.59)
  Phenytoin             118 (46.46)
  Sodium valproate      75 (29.53)

###### 

Reasons for therapeutic drug monitoring (n=254).

  Reasons for therapeutic drug monitoring   Samples (%)
  ----------------------------------------- -------------
  Checking compliance                       3 (1.18)
  Suspected sub-therapeutic                 113 (44.49)
  Suspected toxicity                        35 (13.78)
  Routine monitoring                        103 (40.55)

###### 

Association between reasons for therapeutic drug monitoring order and measured drug levels.

  Reasons for TDM order       Measured level: number of samples (%)                                                    
  --------------------------- --------------------------------------- ------------ ------------ ----------- ---------- -----
  Checking compliance         \-                                      1 (33.33)    \-           2 (66.67)   \-         3
  Suspected sub-therapeutic   53 (46.90)                              44 (38.94)   14 (12.39)   2 (1.77)    \-         113
  Suspected toxicity          16 (45.71)                              5 (14.29)    14 (40.0)    \-          \-         35
  Routine monitoring          60 (58.25)                              26 (25.24)   11 (10.68)   5 (4.85)    1 (0.97)   103
  Total                       129 (50.79)                             76 (29.92)   39 (15.35)   9 (3.54)    1 (0.39)   254

###### 

Pharmacists' recommendations (n=239).

  Pharmacists' recommendations          N. of recommendation (%)
  ------------------------------------- --------------------------
  Adjustment of dosage regimen          128 (38.91)
  Changing medication                   1 (0.30)
  Monitoring drug level at next visit   186 (56.53)
  Checking patient compliance           14 (4.26)

Recommendations for each individual may have more than one recommendation; the total number of sample for antiepileptic monitoring was 245.

###### 

Physicians' response to pharmacists' recommendations (n=239).

  Physicians' response                  Samples (%)
  ------------------------------------- -------------
  Completely follow to recommendation   198 (80.82)
  Partially follow to recommendation    28 (11.43)
  Not follow to recommendation          19 (7.76)
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